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ABSTRACT 

The background and h i s t o r y  o f  t h e  Data R e l a y  S a t e l l i t e  
System (DRSS) concep t  for t h e  d i r e c t  r e l a y  o f  i n f o r m a t i o n  between 
an  o r b i t i n g  s p a c e c r a f t  and t h e  Miss ion  C o n t r o l  C e n t e r  (MCC-H) b y  
a communication s a t e l l i t e  i s  rev iewed.  The r e s u l t s  of  two "Phase 
A" s t u d y  c o n t r a c t s  on t h i s  t y p e  o f  sys tem a re  e v a l u a t e d .  These 
c o n t r a c t s  were l e t  b y  t h e  O f f i c e  of  T r a c k i n g  and Data A c q u i s i t i o n  
( O T D A )  and were completed i n  March 1 9 6 7 .  From t h e  s t u d y  r e s u l t s ,  
t h e  c o n c l u s i o n  i s  t h a t  a n  o p e r a t i o n a l  DRSS u s i n g  a r e t r o d i r e c t i v e  
phased ar ray  arlterma sys tem i s  f e a s i b i e ;  it would s u p p o r t  two  
A p o l l o - l i k e  space  v e h i c l e s  s i m u l t a n e o u s l y  and c o n t i n u o u s l y  w i t h  
a wideband d a t a  r e l a y  c a p a b i l i t y .  A g r o s s  c o s t  comparison 
i n d i c a t e s  t h a t  t h e  t o t a l  program c o s t  o f  t h e  DRSS s y s t e m  o v e r  a 
t e n  y e a r  p e r i o d  would be 250 m i l l i o n  d o l l a r s  l e s s  t h a n  t h e  c o s t  
o f  o p e r a t i n g  and m a i n t a i n i n g  t h e  p r e s e n t  Manned Space F l i g h t  
Network (MSFN) e x c l u d i n g  t h e  deep s p a c e  s t a t i o n s .  S e v e r a l  gaps  
o f  knowledge remain  t o  be  f i l l e d  f o r  t h e  DRSS d e s i g n ,  namely: 

(1) mechan ica l  packag ing  and a n t e n n a  deployment 
t e c h n i q u e s ,  

( 2 )  s a t e l l i t e  s t a b i l i z a t i o n  and s t a t i o n  k e e p i n g  
t e c h n i q u e s ,  and 

magni tude  of m u l t i p a t h  problems between a n  
o r b i t i n g  space  v e h i c l e  and t h e  r e l a y  s a t e l l i t e .  

( 3 )  

It i s  s u g g e s t e d  t h a t  s e v e r a l  NASA p r o j e c t s  now b e i n g  p l a n n  
c o u l d  be o r i e n t e d  t o  complement DRSS and supp ly  needed d a t  
t h e s e  p r o j e c t s  a re :  (1) ATS F-G, ( 2 )  l a r g e  e r e c t a b l e  a n t e  
s t u d y ,  and ( 3 )  t h e  ATS-1 and LM Relay  expe r imen t s  proposed  
A A P  m i s s i o n s .  
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I .  Background 

The Data Relay S a t e l l i t e  System (DRSS), p r e v i o u s l y  
c a l l e d  t h e  O r b i t i n g  Data Relay Network ( O D R N ) ,  i s  conce ived  as 
a communication sys t em u s i n g  s a t e l l i t e s  l o c a t e d  i n  e a r t h  
synchronous  o r b i t s  to p e r m i t  two-way communicat ions s e r v i c e  
between space  v e h i c l e s  and t h e  Miss ion  C o n t r o l  C e n t e r  ( M C C - H ) .  
The concep t  evo lved  from t h e  d e s i r e  t o  u s e  communication 
satellites t o  augmerlt tile coverage  o f  ivianned Space f ’ l i gh t  
Network (MSFN) for t h e  purpose  of p r o v i d i n g  c o n t i n u o u s  communi- 
c a t i o n  between s p a c e  v e h i c l e s  and MCC-H, and t h e r e b y  improving  
t h e  e f f e c t i v e n e s s  o f  m i s s i o n  o p e r a t i o n s  and r e d u c i n g  t h e  c o s t  
of t h e  MSFN. 

The p o s s i b i l i t y  o f  u s i n g  a s a t e l l i t e  as a communi- 
c a t i o n  r e l a y  between a n  o r b i t i n g  spac;.cr f t  and a ground 

s u g g e s t i o n  i n v o l v e d  v o i c e  l i n k s  on ly  b e c a u s e  of t h e  l i m i t e d  
c a p a c i t y  of  t h e  f i r s t  g e n e r a t i o n  communication s a t e l l i t e s ,  
such  as Te l s t a r  and Syncom. A s imilar  a p p l i c a t i o n  i n v o l v i n g  
v o i c e  communication l i n k s  between an a i r c r a f t  and ground 
s t a t i o n  was a l s o  s t u d i e d ;  a g a i n ,  t h e  s a t e l l i t e s  c o n s i d e r e d  
were o f  t h e  T e l s t a r ,  Syncom, and E a r l y  B i r d  t y p e s .  With t h e  
r e s u l t s  of t h e s e  s t u d i e s ,  i t  became c l e a r  t h e n  t h a t  (1) 
a l t h o u g h  t h e  communication s a t e l l i t e  t e c h n o l o g y  was advanc ing  
r a p i d l y  most of  t h e  development e f f o r t  wa? d i r e c t e d  towards  
a h i g h  communications c a p a c i t y  a p p l i c a t i o n  between ground 
t e r m i n a l s ,  and ( 2 )  a n  e n t i r e l y  d i f f e r e n t  c l a s s  of communication 
s a t e l l i t e  would be  needed t o  accompl ish  t h e  d i r e c t  r e l a y  
f u n c t i o n  between a s p a c e c r a f t  and a ground s t a t i o n .  A s t u d y  
was i n i t i a t e d  a t  Bellcomm t o  d e f i n e  t h e  g r o s s  p a r a m e t e r s  o f  a 
d i r e c t  r e l a y  s a t e l l i t e  sys tem b sed on t h e  communication 

6 

s t a t i o n  was d i s c u s s e d  by Speake i n  1 9 6 4  B . T h i s  

r e q u i r e m e n t  of Apol lo  v e h i c l e s .  9 
The p r e l i m i n a r y  r e s u l t s  o f  t h e  Bellcomm s t u d y  were 

p r e s e n t e d  d u r i n g  a J u n e  1 7 ,  1965 meet ing  h e l d  a t  NASA Head- 
q u a r t e r s .  Requi rements  f o r  t h e  i m p l e m e n t a t i o n  o f  communication 
s a t e l l i t e  sys t ems  t o  s u p p o r t  manned s p a c e  f l i g h t  o p e r a t i o n s  
were d i s c u s s e d  between r e p r e s e n t a t i v e s  from OMSF, OTDA,  OSSA, 

b ; l a b l e  t o  NASA Offices 
’Research @ente;,s OOIY, I 
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MSC, GSFC, and Bellcomm. The o p e r a t i o n a l  a d v a n t a g e s  o f  s u c h  
a s y s t e m  were a l s o  d i s c u s s e d  d u r i n g  t h e  p r e s e n t a t i o n s  b y  
Messrs. D .  E .  F i e l d e r  and W .  A ,  Lee of MSC and b y  M r .  J .  J .  
H i b b e r t  o f  Bellcomm. The m a j o r  a d v a n t a g e s  s t a t e d  i n c l u d e d :  

(1) Con t inuous  c e n t r a l i z e d  m i s s i o n  c o n t r o l  by MCC-H, 

(2) Miss ion  d e s i g n  f l e x i b i l i t y  f o r  E a r t h  o r b i t a l  
m i s s i o n  ph3ses  b y  a v o i d i n g  t h e  c o n s t r a i n t  of  
c o n d u c t i n g  c r i t i c a l  p h a s e s  o f  t h e  m i s s i o n  
w i t h i n  t h e  l i n e  of s i g h t  o f  MSFN s t a t i o n s ,  

( 3 )  A d d i t i o n a l  f l e x i b i l i t y  i n  d e t e r m i n i n g  t h e  
b e g i n n i n g  of m i s s i o n s  b y  a v o i d i n g  t h e  l e a d  
t i m e  now r e q u i r e d  t o  d e p l o y  p e r s o n n e l ,  s h i p s ,  
and a i r c r a f t  , 

(4) Cont inuous  c o n t a c t  w i t h  t h e  s p a c e c r a f t  d a r i n g  
a b o r t e d  m i s s i o n s  as w e l l  as d u r i n g  nomina l  
m i s s i o n s ,  

( 5 )  Communication w i t h  t h e  s p a c e c r a f t  a f t e r  l a n d i n g  
t o  f a c i l i t a t e  q u i c k  r e c o v e r y ,  

( 6 )  I n c r e a s e d  c o v e r a g e  o f  h i g h  i n c l i n a t i o n  o r b i t  m i s s i o n s ,  and 

( 7 )  D e a c t i v a t i o n  o f  many o f  t h e  MSFN s i t e s  u s e d  f o r  
n e a r  E a r t h  m i s s i o n  p h a s e s .  

A s  t h e  r e s u l t  o f  t h e  m e e t i n g ,  OMSF r e q u e s t e d  OTDA 
to i n i t i a t e  "phase  A" s t u d i e s  for t h e  DRSS ( O D R N )  c o n c e p t .  

I n  t h e  f o l l o w i n g ,  t h e  two DRSS Phase A s t u d y  
c o n t r a c t s  a r e  d e s c r i b e d  i n  S e c t i o n  11. I n  S e c t i o n  111, 
t h e  r e s u l t s  of a t e c h n i c a l  r e v i e w  of t h e  DRSS s t u d i e s  a re  
p r e s e n t e d ,  c o s t  compar isons  a r e  made be tween t h e  p r e s e n t  MSFN 
and  DRSS, and  p o t e n t i a l  p roblem areas  are men t ioned  where 
f u r t h e r  s t u d i e s  are  i n d i c a t e d .  S e c t i o n  I V  e n u m e r a t e s  s e v e r a l  
NASA p r o j e c t s  c u r r e n t l y  i n  p l a n n i n g  s t a g e s  which may c o n t r i b u t e  
t o  or complement t h e  DRSS program. S e c t i o n  V p r e s e n t s  t h e  
c o n c l u s i o n s  and  recommendat ions f o r  t h e  c o n t i n u a t i o n  o f  t h e  
DRSS program. 

11. DRSS S tudy  C o n t r a c t s  

M r .  P .  F .  B a r r i t t  of OTDA was a s s i g n e d  as t h e  t e c h n i c a l  
c o n t r a c t  m o n i t o r  f o r  t h e  DRSS s t u d i e s .  Under h i s  c o o r d i n a t i o n ,  
a work s t a t e m e n t  f o r  t h e  s t u d y  was d r a f t e d  and  f i n a l i z e d  w i t h  
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i n p u t s  from OMSF and OSSA. The f i n a l  "S ta t emen t  o f  Workff 
which was A r t i c l e  I11 of t h e  c o n t r a c t  i s  i n c l u d e d  i n  t h i s  
memorandum as Appendix A .  Two c o n t r a c t o r s  were s e l e c t e d  
t o  p e r f o r m  t h e  s t u d y ,  t h e y  were (1) A s t r o - E l e c t r o n i c s  
D i v i s i o n  of  R C A ,  and (2) Lockheed Missi le  and Space  Company. 
The s t u d i e s  were i n i t i a t e d  d u r i n g  August 1966,  and completed 
d u r i n g  March 1 9 6 7 .  

It s h o u l d  be n o t e d  t h a t  t h e  scope  of  t h e s e  s t u d i e s  
was somewhat r e s t r i c t e d  as i n d i c a t e d  by t h e  u n d e r l i n e d  
p o r t i o n s  of Appendix A . *  A s  t h e  r e s u l t  o f  t h e s e  r e s t r i c t i o n s ,  
p o r t i o n s  of t h e  t o t a l  s y s t e m  f e a s i b i l i t y  s t u d y  were 
p u r p o s e l y  l e f t  o u t ,  namely,  t h e  mechan ica l  d e s i g n  and 
packag ing  of t h e  s a t e l l i t e  and t h e  a n a l y s i s  o f  t h e  s p a c e c r a f t  
s t a b i l i z a t i o n  and s t a t i o n  keep ing  t e c h n i q u e s .  I n  a d d i t i o n ,  
t h e  c o n t r a c t o r s  were i n s t r u c t e d  to a d a p t  t h e  u s e  of  a m u l t i -  
beam e l e c t r o n i c a l l y  s t e e r e d  phased  a r r a y  as t h e  satellite 
a n t e n n a ,  The omiss ions  made a t  t h e  t i m e  were p a r t i a l l y  
m o t i v a t e d  by  t h e  d e s i r e  of o b t a i n i n g  such  i n f o r m a t i o n  from 
t h e  Advanced Technology S a t e l l i t e  (ATS-4* * )  program which was 
i n  t h e  p l a n n i n g  s t a g e  a t  OSSA. S p e c i f i c a l l y ,  ATS-4, as 
p l a n n e d  a t  t h a t  t i m e ,  would i n v o l v e  t h e  deployment o f  a l a r g e  
a n t e n n a  ( 3 0  f t .  p a r a b o l i c  d i s h )  t h a t  has a p o i n t i n g  c a p a b i l i t y  
and i s  s t a b i l i z e d  i n  a l l  t h r e e  a x i s  i n  a synchronous  o r b i t .  

111. DRSS Study R e s u l t s  

Upon t h e  comple t ion  o f  t h e  s t u d i e s ,  t h e  c o n t r a c t o r s  
have p r o v i d e d  th i r  f i n d i n g s  and c o n c l u s i o n s  i n  w r i t t e n  
f i n a l  r e p o r t s  7 & y E .  These r e p o r t s  have been revierTed.9 I n  the 
f o l l o w i n g  t h e  t e c h n i c a l  p o r t i o n  i s  e x t r a c t e d  f rom Refe rence  9 
and t h e  c o s t  p o r t i o n  i s  e x t r a c t e d  d i r e c t l y  f rom t h e  r e p o r t s .  

A .  T e c h n i c a l  Review 

A s  i n s t r u c t e d  b y  t h e  work s t a t e m e n t  o f  t h e  c o n t r a c t ,  
b o t h  s t u d i e s  e v a l u a t e d  v a r i o u s  s a t e l l i t e  r e p e a t e r  d e s i g n  c o n c e p t s  
c o m p a t i b l e  w i t h  t h e  usage  of phased  a r r a y  a n t e n n a s .  A common 
c o n c l u s i o n  was r e a c h e d  t h a t  t h e  most d e s i r a b l e  s y s t e m  would b e  
a r e t r o d i r e c t i v e  phased  array a n t e n n a  and r e p e a t e r ,  The s t u d y  
made by R C A  a l s o  i n c l u d e d  t h e  c a p a b i l i t y  o f  d e r i v i n g  t r a c k i n g  
i n f o r m a t i o n  from an  o r b i t i n g  s p a c e  v e h i c l e  t h r o u g h  t h e  r e l a y  
s a t e l l i t e ,  Another  common agreement i s  t h a t  t h e  cove rage  

* 
The u n d e r l i n e s  were added by  t h e  w r i t e r ,  t h e y  d i d  n o t  

ATS-4 i s  now known as ATS F-G 

a p p e a r  i n  t h e  o r i g i n a l  c o n t r a c t .  
% *  
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c a p a b i l i t y  of t h e  r e l a y  s a t e l l i t e  s h o u l d  b e  r e s t r i c t e d  t o  lower  
a l t i t u d e  space  v e h i c l e s  ( l e s s  t h a n  2 , 0 0 0  nm) because  of t h e  
e x p o n e n t i a l  growth i n  s a t e l l i t e  weight  w i t h  t h e  cove rage  a t  
i n c r e a s i n g  a l t i t u d e .  Although t h e  proposed  r e p e a t e r  and a n t e n n a  
d e s i g n  has n e v e r  been adapted  f o r  s p a c e  a p p l i c a t i o n s ,  b o t h  c o n t r a c -  
t o r s  f e l t  t h a t  t h e  d e s i g n  and  i m p l e m e n t a t i o n  of  such  a sys tem would 
be  t e c h n i c a l l y  f e a s i b l e .  However, i n  o r d e r  t o  a c h i e v e  a l i g h t  
weight  d e s i g n  i n  p r a c t i c e ,  improvement i n  t h e  p r e s e n t  t e c h n o l o g y  
would be  needed .  

A t h r e e  s a t e l l i t e  sys tem was proposed  for t h e  o p e r a t i o n a l  
sys t em w i t h  two ground t e r m i n a l s  r e q u i r e d .  One ground t e r m i n a l  
would be  s i t u a t e d  n e a r  MCC-H, and t h e  o t h e r  ground t e r m i n a l  l o c a t e d  
i n  A u s t r a l i a .  The second t e r m i n a l  i s  n e c e s s a r y  to s e r v e  as a 
s a t e l l i t e - t o - s a t e l l i t e  r e l a y  t e r m i n a l  because  one of t h e  t h r e e  
s a t e l l i t e s  i s  n o t  v i s i b l e  from t h e  c o n t i n e n t a l  U . S .  A method o f  
i n c o r p o r a t i n g  a s a t e l l i t e - t o - s a t e l l i t e  r e l a y  f o r  t h e  pu rpose  o f  
d e l e t i n g  t h e  second ground t e r m i n a l  was d i s c u s s e d  b y  Lockheed: 
A ”  i +  i s  fclt t h a t  such  a systerr~ would g r e a t l y  i n c r e a s e  t h e  complex i ty  
o f  t h e  s a t e l l i t e  d e s i g n ,  bo th  e l e c t r o n i c a l l y  and m e c h a n i c a l l y ,  
and t o  r e n d e r  i t  u n a t t r a c t i v e .  

C e r t a i n  p o r t i o n s  of t h e  s t u d i e s  a re  l a c k i n g  i n  d e p t h  
of  a n a l y s i s ;  e s p e c i a l l y  t h e  sys tem r e q u i r e m e n t s  and per formance  
r e q u i r e d  f o r  RF a c q u i s i t i o n .  The p roposed  d e s i g n  o f  t h e  phase-  
l o c k e d  l o o p  c i r c u i t  i s  b e l i e v e d  t o  b e  i n a d e q u a t e  c o n s i d e r i n g  t h e  
magn i tudes  of  d o p p l e r  f r e q u e n c i e s  t h a t  w i l l  b e  e n c o u n t e r e d  by 
t h e  sys t em.  Moreover,  under  s e v e r e  m u l t i p a t h  c o n d i t i o n s  between 
t h e  o r b i t i n g  s p a c e  v e h i c l e  and t h e  s a t e l l i t e ,  t h e  p r e d i c t e d  s y c t e n :  
pe r fo rmance  would b e  even more q u e s t i o n a b l e .  It i s  p o s s i b l e  t o  
a l l e v i a t e  some o f  t h e  m u l t i p a t h  problem i n  o p e r a t i o n  by p r o p e r  
handover ,  however,  t h e  l i m i t i n g  c o n d i t i o n s  and t h e  s e v e r i t y  o f  
t h e  problem are  n o t  e n t i r e l y  c l e a r .  

With t h e  l i m i t e d  s a t e l l i t e  cove rage  as proposed  by 
b o t h  s t u d i e s ,  i t  may b e  w e l l  t o  c o n s i d e r  o t h e r  a n t e n n a  d e s i g n s  
t h a t  would p r o v i d e  e q u a l  e l e c t r i c a l  pe r fo rmance .  The u t i l i z a t i o n  
of a r e f l e c t o r  t y p e  a n t e n n a  u s i n g  a phased  a r ray  f e e d  may p rove  
t o  weigh l e s s  and b e  s i m p l e r  t o  implement m e c h a n i c a l l y .  

It shou ld  a l s o  be  mentioned t h a t  a two s a t e l l i t e  sys t em 
c o u l d  be used  w i t h  some s a c r i f i c e  i n  c o v e r a g e .  By l o c a t i n g  two 
g round  s t a t i o n s ,  one a t  t h e  East Coas t  o f  t h e  Un i t ed  S t a t e s  and 
one a t  t h e  West Coas t  o f  t h e  Un i t ed  S t a t e s ,  o v e r  8 0  p e r c e n t  o f  
world-wide cove rage  i s  o b t a i n a b l e .  The cove rage  gaps f o r  low 
a l t i t u d e  e a r t h  o r b i t s  would l a s t  f o r  a p p r o x i m a t e l y  1 0  minu tes  or 
l e s s  o v e r  t h e  I n d i a n  Ocean and t h e  c o n t i n e n t a l  Un i t ed  S t a t e s .  The 
a d v a n t a g e  of t h i s  sys t em i s  t h a t  t h e  o v e r s e a s  ground s t a t i o n  needed 
for t h e  t h r e e  s a t e l l i t e  systems i s  no l o n g e r  r e q u i r e d ;  c o n s e q u e n t l y ,  
t h e  s a t e l l i t e - t o - s a t e l l i t e  r e l a y  l i n k  would n o t  b e  n e c e s s a r y  e i t h e r .  

B. Cost Comparison 
The c o s t  f o r  a f u l l y  o p e r a t i o n a l  DRSS has been e s t i m a t e d  

by RCA and Lockheed. It i s  not p o s s i b l e  t o  make a d i r e c t  
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comparison between t h e  two e s t i m a t e s  i n  c o s t  d i s t r i b u t i o n s ;  
however,  t h e  t o t a l  program c o s t  can  be  compared as f o l l o w s :  

R C A  $ 1 6 0  m i l l i o n  

Lockheed $ 1 6 3  m i l l i o n  - 2 0 9  m i l l i o n  

These c o s t s  i n c l u d e :  (1.) t h e  r e s e a r c h  and development ,  ( 2 )  
i n i t i a l  deployment f o r  a t h r e e  s a t e l l i t e  sys t em i n c l u d i n g  t h e  
l a u n c h  v e h i c l e  ( a p p r o x i m a t e l y  $54 n i l l i o n  f o r  A t l a s - C e n t a u y ) ,  
and ( 3 )  two ground t e r m i n a l s ,  The $ 2 0 9  m i l l i o n  f i g u r e  f r o n  
t h e  Lockheed r e p o r t  a l s o  i n c l u d e s  two a d d i t i c n a l .  f u l l .  s c z l e  
f l i g h t  t e s t e  p r i o r  t o  t h e  deplcyment o f  t h e  o p e r a t i o n a l  sys t em.  
The y e a r l y  c o s t  f o r  o p e r a t i n g  t h e  DRSS was e s t i m a t e d  as fol l .ows:  

R C A  $ 18 .8  m i l l i o r !  

Lockheed $ 11.1 m i l . l i o n  

These c o s t s  i n c l u d e  ground s t a t i c n  o p e r a t i o n ,  and rep] -en ish-  
ment cf  t h e  s a t e l l i t e s  i f  r e q u i r e d .  The p r i n c i p a l  d i f f e r e n c e  
between t h e  two c o s t s  i s  t h e  e s t i m a t e  o f  t h e  r e p l e n i s h m e n t  
c y c l c  fclr t h e  s a t e l l i t e s .  R C A ' s  e s t imate  was based on a 
s a t e l l i t e  d e s i g n  o f  5 y e a r  mean-tir;;e-to-f'.si.:,ure (MTTF) , w h i l e  
Lockheed ' s  es t imate  was based on a 1 0  year MTTF d e s i g n .  I n  
a d d i t i o n  t o  t h e  c o s t  above,  approx ima te ly  $ 8 m i l l i o n  p e r  
y e a r  s h o u l d  b e  added which r e p r e s e n t s  t h e  communication c o s t  
o f  ground-to-ground r e l a y  o f  two v i d e o  c h a n n e l s  v i a  common c a r r i e r .  

The deployment of a n  o p e r a t i o n a l  DRSS would e v e n t u a l l y  
make some o f  t h e  MSFN s t a t i o n s  expendab le .  It i s ,  t h e r e f o r e ,  a 
n a t u r a l  t endency  t o  compare t h e  c o s t  d i f f e r e n c e  between a DRSS 
and t h e  MSFN. Such a comparison would n o t  b e  v a l i d  as t h e  two 
sys t ems  a r e  v a s t l y  d i f f e r e n t  i n  terms of  t o t a l  r e a l  t i m e  
i n f o r m a t i o n  t r a n s f e r  c a p a b i l i t i e s  and e f f e c t i v e n e s s  i n  ope ra -  
t i o n s  for manned s p a c e  f l i g h t .  N e v e r t h e l e s s ,  i t  i s  i n s t r u e t i - v e  
t o  compare t h e  two sys tems on t h e  d o l l a r  basis  f o r  l ong  t e r m  
budge t  p l a n n i n g  p u r p o s e s .  Based on g r o s s  es t imates  o b t a i n e d  
from OTDA t h e  c o s t  of t h e  p r e s e n t  MSFN e x c l u d i n g  t h o s e  s t a t i o n s  
equ ipped  w i t h  85 f t .  a n t e n n a s  are as f o l l o w s :  

I n i t i a l  Cost ( p e r  u n i t )  

30 f t  a n t e n n a  s t a t i o n  $ 10 m i l l i o n  
S h i p  ( I n s e r t i o n  and I n j e c t i o n )  $ 40 m i l l i o n  
Sh ip  ( R e e n t r y )  $ 20 m i l l i o n  
A i r c r a f t  ( A R I A )  $ 4 . 5  m i l l i o n  



BELLCOMM, INC. 

Annual O p e r a t i n g  Cost 

- 6 -  

30 f t  a n t e n n a  s t a t i o n  
( p e r  s t a t i o n )  
S h i p s  ( 5  s h i p s )  

A i r c r a f t  ( 8 )  
Communications 

$ 1 . 3  m i l l i o n  

$ 20  m i l l i o n  
$ 6 . 0  m i l l i o n  
$ 33  m i l l i o n  

I n  t o t a l ,  t h e  i n i t i a l  c o s t  f o r  MSFN, i n c l u d i n g  e l e v e n  30 f t  
a n t e n n a  s t a t i o n s ,  f i v e  s h i p s ,  and e i g h t  a i r c r a f t , i s  approx ima te ly  
$ 306 m i l l i o n ,  and t h e  a n n u a l  o p e r a t i n g  c o s t  i s  $73.3 m i l l i o n .  

The t o t a l  program c o s t  o v e r  a t e n  y e a r  p e r i o d  f o r  
t h e  MSFN and a DRSS, u s i n g  t h e  h i g h e r  c o s t  es t imates  f o r  t h e  
DRSS, are  as f o l l o w s :  

MSFN ( e x c l u d i n g  85 f t  a n t e n n a  s t a t i o n s )  $ 1,039 m i l l i o n  

DRSS $ 477 m i l l i o n  

The t o t a l  program c o s t  ( i n v e s t m e n t  p l u s  o p e r a t i n g )  p e r  
year f o r  t h e  DRSS, ave raged  ove r  a t e n  y e a r  p e r i o d ,  i s  compared 
w i t h  t h e  a n n u a l  o p e r a t i n g  c o s t  o f  v a r i o u s  combina t ions  o f  MSFN 
s t a t i o n s  e x c l u d i n g  t h e  c a p i t o l  e x p e n d i t u r e  as f o l l o w s  : 

MSFN ( i n c l u d i n g  s h i p s  and a i r c r a f t  b u t  $ 73.3  m i l l i o n  
e x c l u d i n g  85 f t .  s t a t i o n )  

MSFN ( s h i p s ,  a i r c r a f t ,  Canary I s l a n d ,  $ 52 m i l l i o n  
Ascens ion  I s l a n d ,  and Carnarvon)  

DRSS $ 47.7 m i l l i o n  

MSFN ( s h i p s  and a i r c r a f t  o n l y )  $ 33 m i l l i o n  

It i s  i n t e r e s t i n g  t o  compare t h e  a n u a l  c o s t  o f  t h e  DRSS w i t h  t h o s e  
f o r  s h i p s  and a i r c r a f t ,  and s h i p s  and a i r c r a f t  p l u s  Canary,  
Ascens ion ,  and Carnarvon.  These s t a t i o n s  a r e  s e l e c t e d  because  
t h e y  are e i t h e r  mobi le  s t a t i o n s  w i t h  h i g h  i n i t i a l  and o p e r a t i n g  
c o s t s  or t h e y  a re  ground s t a t i o n s  where s a t e l l i t e  c i r c u i t s  a r e  
used  f o r  network communications.  It shou ld  a l s o  b e  n o t e d  t h a t  
t h e  MSFN c o s t  f i g u r e  a l l o w s  l i m i t e d  numbers of  communication 
c h a n n e l s  t o  be  t r a n s m i t t e d  from o v e r s e a s  s t a t i o n s ;  a t  p r e s e n t ,  
s i x  d a t a / v o i c e  c h a n n e l s  p l u s  two t e l e t y p e w r i t e r  c h a n n e l s  a r e  
c o n f i g u r e d  f o r  each  s t a t i o n .  Moreover, f o r  f u t u r e  m i s s i o n s ,  
communicat ion c h a n n e l  r e q u i r e m e n t s  f rom t h e  o v e r s e a s  s t a t i o n s  
w i l l  i n c r e a s e .  
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C .  Undefined Areas  

A s  d i s c u s s e d  p r e v i o u s l y ,  t h e  DRSS c o n t r a c t u a l  s t u d i e s  
d i d  n o t  i n c l u d e  any s p a c e c r a f t  d e s i g n  c o n s i d e r a t i o n s  e x c e p t  
f o r  t h e  e l e c t r o n i c s  p o r t i o n .  Consequen t ly ,  two major  areas 
of  t h e  s a t e l l i t e  d e s i g n  would need  t o  be  e s t a b l i s h e d ,  t h e y  
a re  (1) t h e  mechan ica l  packaging  and a n t e n n a  deployment 
t e c h n i q u e ,  and ( 2 )  t h e  a n a l y s i s  and d e s i g n  of  s t a b i l i z a t i o n  
and  s t a t i o n  keep ing  t e c h n i q u e s .  A p o s s i b l e  s t a r t  f o r  t h e s e  
p o i n t s  5 s  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n .  

I V .  Related P r o j e c t s  

S e v e r a l  NASA p r o j e c t s  which a r e  e i t h e r  i n  p r o g r e s s  o r  
i n  p l a n n i n g  s t a g e s  c a n  b e  c l a s s i f i e d  as s imi l a r  to t h e  DRSS 
f uv7c t i ona l l y  , opera t  i n n a l l y ,  z r  c m p l f t ~ e n t  x y  i~ t echE5lCg:ic 11 
development .  These p r o j e c t s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g .  

A .  ATS-1 VHF Experiment 

The ATS-1 s a t e l l i t e ,  l aunched  d u r i n g  December 1 9 6 6 ,  
i s  a s p i n  s t a b i l i z e d  communications s a t e l l i t e  s i t u a t e d  a t  
a p p r o x i m a t e l y  151' W l o n g i t u d e  above t h e  e q u a t o r  i n  a synch-  
r o n o u s  o r b i t .  It c a r r i e s  a VHF r e p e a t e r  ( u p - l i n k  1 4 9 . 2 2  MHz, 
down-link 135 .6  M H z )  w i t h  a 1 0 0  kHz RF bandwidth f o r  t h e  
p r i m a r y  p u r p o s e  o f  p r o v i d i n g  a two-way v o i c e  r e l a y  c i r c u i t  between 
a n  a i r c r a f t  i n - f l i g h t  and ground t e r m i n a l s .  C o n s i d e r a b l e  ground- 
ground and a i r c r a f t - g r o u n d  expe r imen t s  have been  per formed w i t h  
ATS-1, and some of t h e  r e s u l t s  have  been  p u b l i s h e d . 1 °  P r e l i m i n -  
a r y  r e s u l t s  i n d i c a t e  t h a t  when t h e  a i r c r a f t  t r a n s m i t s  2 0 0  to 500  
wat t s  of e f f e c t i v e  r a d i a t e d  power ( E R P ,  which i s  t h e  p r o d u c t  
of t r a n s m i t t e r  power and a n t e n n a  g a i n ) ,  t h e  v o i c e  q u a l i t i e s  a r e  
a c c e p t a b l e  to good. The ATS-C s a t e l l i t e  i s  p lanned  t o  b e  
l a u n c h e d  i n  l a t e  1 9 6 7  and w i l l  be s i t u a t e d  i n  a g e o s t a t i o n a r y  
o r b i t  o v e r  t h e  A t l a n t i c  Ocean. It w i l l  c a r r y  a VHF r e p e a t e r  
s i m i l a r  t o  t h a t  o f  ATS-1. The Saturn/A 0110 Ap i c a t i o n s  
Program h a s  r e q u e s t e d  McDonnell Company B1, 1 2 ,  !?3 t o  
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' ? i n i t i a t e  a s t u d y  to c o n s i d e r  t h e  i n s t a l l a t i o n  o f  a p p r o p r i a t e  
t e r m i n a l  equipment on t h e  A i r l o c k  Module to p e r m i t  u t i l i z a t i o n  
of t h e  ATS VHF ommunications r e l a y  and a d v i s e  of  t h e  r e s u l t i n g  
i m p l i c a t i o n s " .  15 

I f  t h e  ATS VHF r e l a y  l i n k s  cou ld  be u t i l i z e d  i n  t h e  
AAP m i s s i o n s ,  t h e  f o l l o w i n g  e x p e r i e n c e  can  be  d e r i v e d  t o  
b e n e f i t  t h e  DRSS program, namely: 

(1) The o p e r a t i o n a l  e x p e r i e n c e  w i t h  an  o r b i t i n g  manned 
v e h i c l e  when i n  n e a r  c o n t i n u o u s  c o n t a c t  w i t h  MCC-H 5Y 
v o i c e  or low b i t  r a t e  t e l e m e t r y .  

between t h e  s p a c e c r a f t  and t h e  r e l a y  s a t e l l i t e ,  
( 2 )  A g r o s s  a s ses smen t  o f  p o s s i b l e  m u l t i p a t h  problems 

R. T,M Relay  Experiment  

A "LM Relay  Experiment"  has been  p roposed  by Mr. S .  W .  
Fordyce  o f  Apol lo  A p p l i c a t i o n s  O f f i c e  ( M L A )  as one of t h e  e x p e r i -  
ments  to b e  c a r r i e d  on a synchronous  Apol lo  A p p l i c a t i o n s  m i s s i o n .  1 4  
The communication f u n c t i o n s  des i r ed  are two-way v o i c e ,  up -da ta ,  
low b i t  r a t e  ( 1 . 6  kbps )  t e l e m e t r y ,  and r a n g e  and r a n g e  r a t e  
t r a c k i n g .  The expe r imen t  p r o p o s a l  i s  now i n  t h e  f e a s i b i l i t y  
s t u d y  and sys t em d e f i n i t i o n  p h a s e s ;  t h e  status of  t h e  p r o j e c t  
i s  i n c l u d e d  i n  t h i s  memorandum as Appendix B .  The p u r p o s e s  o f  
t h i s  expe r imen t  are  (1) t o  d e m o n s t r a t e  t h e  u s e  of a t r a c k i n g  
and  communication r e l a y  between a n  o r b i t i n g  CSM and MSFN, and 
( 2 )  to p r o v i d e  t h e  e x p e r i e n c e  i n  f l i g h t  o p e r a t i o n s  w i t h  such  a 
r e l a y .  The ground r u l e s  f o r  t h i s  expe r imen t  a r e :  

(1) Minimum ( p r e f e r a b l y  no)  m o d i f i c a t i o n s  to MSFN 
s t a t i o n s ,  

( 2 )  Minimum c o s t ,  u t i l i z e  s t a n d a r d  Apol lo  U n i f i e d  
S-band equipment  (USB) wherever  p o s s i b l e .  

( 3 )  Exper imen ta l  equipment on t h e  s p a c e c r a f t  t o  be  
independen t  of  the o p e r a t i o n a l  equipment .  

( 4 )  With s u c c e s s f u l  comple t ion  of t h e  e x p e r i m e n t ,  t h e  
r e l a y  s h o u l d  b e  c a p a b l e  o f  p r o v i d i n g  l o n g  t e r m  
(one  y e a r )  o p e r a t i o n a l  u s e .  

I f  t h e  LM Relay  Experiment  were approved  f o r  an  A A P  
synchronous  m i s s i o n  and  o p e r a t e d  s u c c e s s f u l l y ,  t h e  f o l l o w i n g  
e x p e r i e n c e  can  b e  d e r i v e d  t o  b e n e f i t  the DRSS program. 
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(1) S u f f i c i e n t  o p e r a t i o n a l  e x p e r i e n c e  can  be d e r i v e d  
w i t h  t h e  improved communication c a p a b i l i t i e s  o v e r  
t h e  ATS VHF e x p e r i e n c e  so  t h a t  r e q u i r e m e n t s  f o r  
manned s p a c e  f l i g h t  o p e r a t i o n s  can  be  r e f i n e d  f o r  
c a s e s  when con t inuous  communication cove rage  i s  
a v a i l a b l e ,  

(2) A b e t t e r  a s ses smen t  of p o s s i b l e  m u l t i p a t h  problems 
between thr .  s p a c e c r a f t  and t h e  r e l a y  t e r m i n a l .  

( 3 )  Determine t h e  e f f e c t i v e n e s s  of  o b t a i n i n g  t r a c k i n g  
da ta  on a n  o r b i t i n g  s p a c e c r a f t  t h r o u g h  a s a t e l l i t e  
r e l a y .  

(4) P o s s i b i l i t y  of  u s i n g  t h e  r e l a y  t e r m i n a l  as a t e s t  
bed for a small  s i z e  r e t r o d i r e c t i v e  phased  a r r a y  
antefifia. 

C .  ATS F-G ( p l a n n e d  no t  approved)  

The m i s s i o n  o b j e c t i v e s  a b s t r a c t e d  from Refe rence  15 
f o r  t h e  ATS F-G a re  as f o l l o w s :  

"To p r o v i d e  r e s e a r c h ,  deve lopment ,  and f l i g h t  t e s t i n g  
common t o  a number o f  a p p l i c a t i o n s ,  and e a r l y  t e s t i n g  of  
p r o m i s i n g  i tems ,  s e v e r a l  t o  each i n d i v i d u a l  s p a c e c r a f t .  To 
conduc t  e x p e r i m e n t s  i n  a c t i v e  or mixed s t a b i l i z a t i o n  t e c h n i q u e s  
as a p p l i e d  t o  S a r g e  r o t a t a b l e  masses ,  w i t h i n  s t a b i l i z a t i o n  
a c c u r a c i e s  o f  - 0 . 1  d e g r e e  or l ess  and w i t h  l i f e t i m e  o f  two 
y e a r s  or more, C e r t a i n  s p e c i f i c  t echno logy  i n t i m a t e l y  
connec ted  w i t h  r e q u i r e m e n t s  f o r  s t a b i l i z a t i o n  o f  t h i s  a c c u r a c y  
would be f l i g h t  t e s t e d  as a p a r t  o f  t h e  e x p e r i m e n t s ,  T h i s  
would i n c l u d e :  (1) deployment and p o i n t i n g  o f  l a r g e  a n t e n n a s  
( 9  m a p e r t u r e ) ,  ( 2 )  p i l o t  beam p o i n t i n g  of  h i g h  g a i n  
(30-45 d B )  phased a r r a y  a n t e n n a s  i n c l u d i n g  m u l t i p l e  beam 
f o r m a t i o n ,  (3) . , 11 

It i s  c l e a r ,  from t h e  d e s c r i p t i o n  above ,  ATS F-G 
s a t e l l i t e s  would be compa t ib l e  w i t h  t h e  DRSS program f o r  t h e  
p u r p o s e s  of  p r o v i d i n g  t e s t  f l i g h t s  t o  d e t e r m i n e  p r a c t i c a l  
s t a b i l i z a t i o n  t e c h n i q u e s  and mechanica l  deployment methods f o r  
l a r g e  phased  a r r a y  a n t e n n a s .  

Large  Space E r e c t a b l e  Antenna Study 

Conva i r  D i v i s i o n  of  G e n e r a l  Dynamics Corp.  ( G D / C )  has 
r e c e n t l y  comple ted  a f e a s i b i l i t y  s t u d y  for OMSP/OSSA on l a r g e  
s p a c e  e r e c t a b l e  a n t e n n a s .  From t h e  summary of  the f i n a l  r e p o r t  16 
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three antenna configurations are recommended. One of them is a 
large phased array antenna. The entire structure consists of 
seven hexagonal panels with a total area of approximately 350 
square feet when unfolded. OSSA is present y planning on 
negotiating with GD/C to extend the study, Conceivably, the 
extended study can be oriented toward the retrodirective phased 
array configuration from the DRSS studies. 

(V) Conclusions and Recommendations 

The advantages of continuous communications coverage 
afforded by a DRSS for manned spaceflight operations were 
recognized prior to the contract studies, With the completion 
of the Phase A studies, the cost effectiveness of the 
system and the feasibility, at least the non-mechanical portion, 
can be summarized as follows: 

The retrodirective phased array antenna proposed for 
DRSS satellites has the principal advantages of 
(a) a multiple beam forming capability, (b) not 
requiring mechanical steering, and (c) graceful 
degradation in performance with array component 
failures. 

It is practical to use a phased array antenna for 
communications coverage of space vehicles at alti- 
tudes below 2000 nm. 

A light weight array design would require some 
forcing of the present technology, but appears 
feasible. 

The cost, including investment and operating, of 
a DRSS system is approximately 250 million dollars 
less, over a ten year period, comparing 
it with the cost of maintaining and operating the 
present MSFN stations (equipped with 30 ft. antennas), 
ships, and aircraft. 

Over and above the cost saving, the DRSS could provide 
transmission capability of four simultaneous 10 MHz 
RF channels on the down link continuously, which 
would not be possible with ground network configu- 
rations, 
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(6) M u l t i p a t h  c o u l d  b e  a problem between t h e  o r b i t i n g  
s p a c e  v e h i c l e  and t h e  r e l a y  t e r m i n a l .  T h e  magni- 
t u d e  o f  t h i s  problem has n o t  been c l e a r l y  d e f i n e d ,  
More d e t a i l e d  a n a l y s i s  a p p e a r s  to be a d v i s a b l e .  

S i n c e  a n t e n n a  d e s i g n  was n o t  p a r t  o f  t h e  DRSS 
t r a d e o f f  s t u d y ,  i t  a p p e a r s  t h a t  such  a study s h o u l d  
be made between a r e t r o d i r e c t i v e  phased  a r r a y  a n t e n n a  
and o t h e r  a n t e n n a  c o n f i g u r a t l o n s  such  as a p a r a b o l i c  
an tenna  w i t h  a n  e l e c t r o n i c a l l y  scanned a r ray  f e e d .  

With t h e  r e s u l t s  o f  t h e  DRSS s t u d i e s  and t h e  assess- 

( 7 )  

ment of o t h e r  NASA programs,  it i s  recommended t h a t  t h e  f o l l o w i n g  
s t e p s  be t a k e n  f o r  t h e  c o n t i n u a t i o n  o f  t h e  DRSS program: 

(3) 

(4) 

t h e  DRSS, 

(1) 

I n i t i a t e  a d e t a i l e d  a n a l y t i c a l  s t u d y  of  t h e  m u l t i p a t h  
problem b t l t w ~ ~ n  an ~ r h i t i ~ 1 ~  q - 1 7 ~ ~  ~ ~ n h i ~ l p  2-d t h e  
r e l a y  t e r m i n a l .  

0 -r-- 

I n i t i a t e  a t r a d e o f f  s t u d y  to d e t e r m i n e  t h e  r e l a t i v e  
a d v a n t a g e s  between t h e  proposed  r e t r o d i r e c t i v e  phased  
a r r a y  a n t e n n a  and o t h e r  a n t e n n a  d e s i g n s  i n c l u d i n g  
a d i s h  a n t e n n a  w i t h  a n  a r r a y  feed .  T h i s  c o u l d  b e  a 
f o l l o w  on s t u d y  to t h e  completed DRSS s t u d i e s .  

I n i t i a t e  a Phase B o r  Phase C s t u d y  on a s m a l l  r e t r o -  
d i r e c t i v e  phased a r r a y  a n t e n n a  d e s i g n  w i t h  t h e  
o b j e c t i v e  t h a t  i t  would be  a p p l i c a b l e  f o r  a l a rge r  
s i z e  a r r ay .  

I n i t i a t e  a s t u d y  on t h e  p o s s i b l e  f r equency  a l l o c a t i o n  
problem f o r  an o p e r a t i o n a l  DRSS. 

I n  view o f  t h e  l a c k  o f  s p a c e c r a f t  d e s i g n  s t u d i e s  f o r  
t h e  f o l l o w i n g  s t e p s  a r e  s u g g e s t e d :  

Coord ina te  w i t h  OSSA to d e t e r m i n e  t h e  a d v i s a b i l i t y  
o f  i n c l u d i n g  t h e  mechanica l  deployment method of 
t h e  r e t r o d i r e c t i v e  an tenna  a r r a y  as p a r t  o f  t h e  
f o l l o w  on s t u d y  t o  t h e  comple ted  l a r g e  s p a c e  
e r e c t a b l e  a n t e n n a  s tudy  by Genera l  Dynamics Corp. 

C o o r d i n a t e  w i t h  OSSA on t h e  n e c e s s a r y  s t e p s  to b e  
t a k e n  s o  t h a t  t h e  Advanced Technology S a t e l l i t e  
(ATS F-G) program would be  complementary with t h e  
DRSS program. 
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( 3 )  O r i e n t  e i t h e r  or both  t h e  ATS-1 and LM Relay 
Experiment  sugges t ed  for AAP m i s s i o n s  s o  t h a t  
t h e  n e c e s s a r y  o p e r a t i o n a l  e x p e r i e n c e  and m u l t i -  
p a t h  d a t a  between t h e  manned space  v e h i c l e  and 
t h e  r e l a y  t e r m i n a l s  can  be  o b t a i n e d .  

( 4 )  Develop a comprehensive and complementary 
s c h e d u l e  f o r  DRSS and r e l a t e d  programs s o  
t h a t  an  o r d e r l y  development c y c l e  can  be 
r e a l i z e d  which would lead  t o  a fully o p e r a t i o n a l  
DRSS a t  t h e  e a r l i e s t  p o s s i b l e  da t e .  

R .  K .  Chen 2 0 3 4-RKC- j ad 

At tachments  
Appendices  A & B 
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A P P E N D I X  A 

STATEMENT OF WORK OF NASW 1 4 4 7  

The work s h a l l  i n c l u d e  t h e  f o l l o w i n g  tasks :  

A .  Determine t h e  optimum c o n f i g u r a t i o n  of  t h e  ODRN as  
a system; i . e . , t h e  number and l o c a t i o n  o f  r e l a y  
s a t e l l i t e s  and ground s t a t i o n s  t o  maximize t h e  
o p e r a t i o n a l  c a p a b i l i t y  of  t h e  sys tem w h i l e  minimiz-  
i n g  o v e r - a l l  c o s t ,  i n c l u d i n g  t h e  c o s t  o f  common 
c a r r i e r  c i r c u i t s  between ODRN ground s t a t i o n s  and 
t h e  m i s s i o n  c o n t r o l  c e n t e r s  a t  Pasadena ,  C a l i f o r n i a ;  
G r e e n b e l t  , Maryland; and Houston,  Texas.  

An a n a l y s i s  shou ld  b e  made o f  t h e  c a p a b i l i t i e s  o f  
sys t ems  h a v i n g  two o r b i t i n g  r e l a y  s a t e l l i t e s  (known 
t o  have cove rage  g a p s )  and o f  sys t ems  hav ing  t h r e e  
or more r e l a y  s a t e l l i t e s .  I n  c o n n e c t i o n  w i t h  sys t ems  

shou ld  i n v e s t i g a t e  t h e  p r a c t i c a b i l i t y  of  u s i n g  one or 
more o f  t h e  r e l a y  s a t e l l i t e s  t o  p r o v i d e  "double  hop" 
s e r v i c e  from t h e  w e s t e r n  P a c i f i c  Ocean and t h e  I n d i a n  
Ocean, i .e .  c o n s i d e r  a l i n k  from s p a c e c r a f t  t o  r e l a y  
s a t e l l i t e  t o  a ground s t a t i o n  i n  t h e  w e s t e r n  P a c i f i c  
a r e a ,  back th rough  a second r e l a y  s a t e l l i t e  to t h e  
c o n t i n e n t a l  Uni ted  S t a t e s .  

hnT7: Ila"ll lb n- C L - n n  ~ l ~ * . = ~  o r  m01"2 r.clay s a t e l l i t e s  , the Ccji i t i?actcl i -  

B. Conduct p a r a m e t r i c  s t u d i e s  to p e r m i t  t r a d e - o f f s  i n  
areas o f  r e l a y  s a t e l l i t e  a n t e n n a  s i z e ,  r e p e a t e r  
d e s i g n ,  pay load  we igh t ,  power supp ly  c a p a c i t y ,  e t c . ,  
i n  t e r m s  o f  t h e  s u p p o r t  c a p a b i l i t y  o f  t h e  ODRN.  The 
C o n t r a c t o r  s h o u l d ,  b a s e d  upon h i s  b e s t  es t imate  of 
t h e  t r a d e - o f f s ,  recommend an  o v e r a l l  sys tem c o n f i g -  
u r a t i o n  and g e n e r a t e  a p r e l i m i n a r y  e l e c t r o n i c s  s y s t e m  
d e s i g n  for b o t h  t h e  r e l a y  s a t e l l i t e s  and t h e  ground 
s t a t i o n s .  The f o l l o w i n g  l i m i t s  on t a r g e t  v e h i c l e  
p a r a m e t e r s  may be assumed: 

1. There  may be two t a r g e t  v e h i c l e s  ( n o t  c l o s e  
enough t o g e t h e r  to b e  w i t h i n  t h e  same a n t e n n a  
beam) r e q u i r i n g  s i m u l t a n e o u s  s u p p o r t  by a s i n g l e  
r e l a y  s a t e l l i t e .  

2 .  Each t a r g e t  v e h i c l e  may have up t o  two t r a n s -  
m i t t e r s  and two r e c e i v e r s .  

3. The t r a n s m i s s i o n s  from t a r g e t  v e h i c l e  t o  r e l a y  
s a t e l l i t e  w i l l  be  e i t h e r :  

a .  FDM/FM w i t h  a maximum m u l t i p l e x e d  b a s e  
bandwidth o f  1 . 5  m& and a maximum peak 
d e v i a t i o n  f o r  t h e  m u l t i p l e x e d  s i g n a l  of 
3 .5  m & .  
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b .  PCM/PM wi th  a maximu da ta  r a t e  o f  1 , 0 0 0 , 0 0 0  
b i t s / s e c o n d  a t  a 1 0  ’ b i t  e r r o r  r a t e  ( B E R ) .  

Each t a r g e t  v e h i c l e  may t r a n s m i t  i n  one o f  
each  o f  t h e  above modes or two o f  e i t h e r  
k i n d .  

4 .  The t a r g e t  v e h i c l e  can  c a r r y  a small d i r e c t i o n a l  
a n t e n n a  hav ing  a maximum g a i n  of  20 db ( i n c l u d -  
i n g  l i n e  l o s s e s ) .  

5 .  T r a n s m i s s i o n s  t o  t h e  t a r g e t  v e h i c l e  w i l l  be  
e i t h e r :  

a .  FDM/FM w i t h  a maximum m u l t i p l e x e d  base 
bandwidth  o f  1 5 0  Kc/sand a maximum peak  
d e v i a t i o n  f o r  t h e  m u l t i p l e x e d  s i g n a l  of  
350 Kc/s. 

b .  PCM/PM w i t h  a maximu%data r a t e  o f  lOG,GOG 
b i t s / s e c o n d  a t  a 1 0  b i t  e r r o r  r a t e  (EEP). - 

Each t a r g e t  v e h i c l e  may r e c e i v e  i n  one o f  
e a c h  o f  t h e  above modes or two o f  e i t h e r  
k i n d .  

6 .  The t a r g e t  v e h i c l e  r e c e i v e r s  w i l l  b e  o f  t h e  
t y p e  u s e d  i n  t h e  p r e s e n t  NASA U n i f i e d  S-Band 
( U S B )  sys tem.  

7 .  The t a rge t  v e h i c l e  r e c e i v e r  n o i s e  f i g u r e  w i l l  
be  no b e t t e r  t h a n  1 0  d b .  

8 .  The f r e q u e n c y , b a n d s  t o  b e  used  a re  as f o l l o w s :  

a .  T a r g e t  v e h i c l e  t o  r e l a y  s a t e l l i t e  2210-2300 
Relay  s a t e l l i t e  t o  t a r g e t  v e h i c l e  2100-2120/ 

1760-1850 
Ground to r e l a y  s a t e l l i t e  8310-8400 
Relay  s a t e l l i t e  t o  ground 7660-7750 

b .  Target v e h i c l e  t o  r e l a y  s a t e l l i t e  8410-8500 
Re lay  s a t e l l i t e  t o  t a rge t  v e h i c l e  7660-7750 
Ground t o  r e l a y  s a t e l l i t e  2100-2120/ 

Re lay  s a t e l l i t e  t o  ground 2210-2300 
1760-1850 

e .  Target v e h i c l e  t o  r e l a y  s a t e l l i t e  8410-8455 
Relay  s a t e l l i t e  t o  t a r g e t  v e h i c l e  2255-2300 
Ground t o  r e l a y  s a t e l l i t e  2100-2120/ 

1760-1805 
Re lay  s a t e l l i t e  t o  ground 2210-2255 
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d .  F o r  p o i n t - t o - p o i n t  communicat ions 
(communicat ions s a t e l l i t e  mode) 
Ground t o  r e l a y  s a t e l l i t e  2090-21001 

Relay  s a t e l l i t e  t o  ground 2200-2210  
1750-1760 

C .  The d e s i g n  of t h e  a n t e n n a s  i s  n o t  p a r t  o f  t h i s  c o n t r a c t .  
It i s  t h e  r e s p o n s i b i l i t y  o f  t h e  C o n t r a c t o r ,  however,  t o  
d e f i n e  some of  t h e  c h a r a c t e r i s t i c s  r e q u i r e d ,  such  as  
a c q u i s i t i o n  p r o c e d u r e ,  t r a c k i n g  r a t e s  r e q u i r e d ,  and 
l i m i t s .  The f i n a l  s i z e  of  t h e  a p e r t u r e s  w i l l  b e  d e t e r -  
mined as  a f u n c t i o n  o f  NASA's u l t i m a t e  needs  and t h e  
s t a t e - o f - t h e - a r t .  F o r  p u r p o s e s  o f  t h i s  s t u d y ,  i t  
s h o u l d  be assumed t h a t  i t  i s  p o s s i b l e  t o  u s e  an  a n t e n n a  
w i t h  a t  l e a s t  a 3O-fcot z p e r t u r e .  F u r t h e r m ~ e ,  s l z c c  
m u l t i p l e  t a r g e t  t r a c k i n g  i s  d e s i r e d ,  i t  shou ld  be  
assumed tha t  t h e  an tenna  used  i s  a m u l t i p l e  beam 
e l e c t r o n i c a l l y  phased a r r a y .  The C o n t r a c t o r  i s  t o  
i n v e s t i g a t e  t h e  impact of  v a r i o u s  means o f  a c h i e v i n g  
m u l t i p l e  beam c a p a b i l i t y  on t h e  d e s i g n  o f  t h e  r epea te r  
e l e c t r o n i c s .  

D. The comple te  ODRN system i s  t o  have a r e l i a b i l i t y  o f  
0 . 9 9 8 .  The C o n t r a c t o r  i s  t o  d e t e r m i n e  t h e  r e q u i r e m e n t s  
f o r  redundancy o f  r e l a y  s a t e l l i t e s ,  redundancy o f  e q u i p -  
ment w i t h i n  t h e  r e l a y  s a t e l l i t e s  and ground s t a t i o n s ,  
r e l a y  s a t e l l i t e  r e p l e n i s h m e n t  c y c l e s ,  and ground s t a t i o n  
ma in tenance  t o  a c h i e v e  t h e  r e q u i r e d  r e l i a b i l i t y .  I n  
t h i s  i n s t a n c e ,  0 . 9 9 8  r e l i a b i l i t y  i s  d e f i n e d  as a 9 9 . 9  
p e r  c e n t  p r o b a b i l i t y  t h a t  t h e  sys tem w i l l  b e  o p e r a t i o n a l  
a t  any t i m e  it i s  r e q u i r e d .  It s h o u l d  b e  assumed t h a t  
t h e  sys tem w i l l  be i n  c o n t i n u o u s  u s e  f o r  p e r i o d s  o f  

. o f  up t o  30 d a y s  w i t h  a maximum of  one i d l e  day between 
p e r i o d s  of  u s e .  

E .  P r o v i d e  a n  e s t i m a t e  o f  t h e  c o s t  o f  implement ing  and 
o p e r a t i n g  t h e  r e s u l t a n t  ODRN, i n c l u d i n g  t h e  c o s t  o f  
common c a r r i e r  c i r c u i t s  between t h e  ODRN ground s t a t i o n s  
and t h e  m i s s i o n  c o n t r o l  c e n t e r s .  



APPENDIX 3 

Tine T J 4  R e l n y  E x p c r i r n m t  (7.) p r o p c n e s  p l ; t c i n c  q u i p x e n t  on 
:I manned o p a c c c r a f t  planned f o r  a n  ear th  synchr0nou.s o r b i t  
L LO s c r v c  as a cornnunisa t ions  and t r a c k i n g  relay betwc-en two 
t e 7 m i n a l s .  One of these t e r m i n a l s  i s  a. manned s p a c e c r a f t  
(the " c l u s t e r " )  i n  8 low a l t i t u d e  o r b i t ,  and the o t h e r  I s  
the il?anr.et! Space F l i g h t  1ietc;oi-k (TSE). 

T h i s  e x p e r i m e n t  c a n  p r o v i d e  a c a p a b i l i t y  f o r  c o n t i n u o u s  
communicat ion and t r a c k i n g  o f  manned spacecraf t  o v e r  half 
(45 m i n u t e )  of t h e i r  o r b i t s  ra ther  t h a n  t he  5-10 minu.te 
i n t e r v a l s  a v z i l . a b l e  wi th  t h e  p r e s e n t  MSFN. If o p e r a t i o n a l  
e x p e r i e n c e  proves t h i s  e x p e r i m e n t  s u c c e s s f u l ,  s u c h  relays 
n ~ a y  reblace some o f  t h e  mob i l e  and f i x e d  s t a t i o n s  of the 
r.is mu' . 
DEFIIIITION PTIASE - ~ 

Thc p r c z e n t  d e f i n i t i o n  phase I s  i n t e n d e d  t o  comple t e  t h e  
d e f i n i t i o n  and d e n i c n  of t h e  e x p e r i m e n t  by J u l y  1367. Ef- 
f o r t o  underway w i t h i n  N f ' A l  have i n c l u d e d  s u c h  t a sks  as t h e :  

I G P C  in -houzc  e f f o r t  u n d e r  t h e  d i r e c t i o n  of Tom B a r r ,  ?Jhic,h 
1:~a.s corrlp~ ctcrl on Pehr-uary i o ,  
mcnt:; i n  the e x p e r i m e n t  d c f i n i t i o n .  

l e d  t o  s i f p i r i c a n t  Impro*lr?- 

E X  i n - h o u s e  e f f o r t  u n d e r  the  d i r e ? t i o n  of IX.11 Ca t l in}? ,  which 
13 d e f i n i n g  t h e  o p e r a t i o n a l  requl.renicnf;s o f  t h e  cxper1n;en t .  

C o n t r a c t o r  e f f o r t ;  which a r e  underway i n c l u d e  : 

Bcllcomm's Systems a n a l y s e s  and signal n a r g i n  c a l c u l a t i o n s  by 
Bob Chen and Bob .",elden. ( 2 )  

Motorola - A . l a b o r a t o r y  s i m u l a t i o n  of  t h e  modes d e s c r i b e d  
i n  r e f e r e n c e  1 u z l n g  phase l o c k e d  l o o p  t r a n s p o n d e r s .  This 
contr?j.c,t, ( 3 )  1s u n d e r  t h e  t e c h n i c a l  d i r e c t i o n  of P a u l  Shores 



ar,d F l o r i d l t h  f i ? n i l t o n  of ZGC and is bcinr;  TU^ at f.lotorola 
by J o h n  B m t o  and € b b  E u n t i n z .  H o p e f u l l y ,  :his rvor!c will 
prove t h e  f c a s l b i l l t y  of using ? i t h e r  a ser€.es c h z i n  of 
phclse locked  l o o p  t r a n s p o n d e r s  descr ibed  i n  Tefercncct 2 
PT. t h c  rin?;-aroimd 'I r m d r > ,  o r  a d u a l  p a i r  of phased l o o p  
locket1 t r 2 n s p f J n d c r n  w i t h  l n t e r c o n n e c t l o n s  I n  t h e  rr51 a y .  
At t h e  conr?lctlon of  tlils work 1.7otorola will recomraend 7)  

niodc and dcr:~onctrq t c  i t s  oper;: t lon.  The n e x t  revlcw a t  
lrlotorola ~ 1 1 1  take p lace  on March 30th and 3 l z t .  
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Hu~:hc:; fiirczaft Company - A d e z l g n  of  t h e  experiment modes 
usins f rcqvcncy  t r a n s l n t i o n  rc_nca.ters i n  t h c  d i r e c t i o n  of 

Lce i4alone of iCb 'C .  The next  review at iiughes Is scheduled 
f o r  the morning of Plnrch 3lst. 

nick !!ouzhten o f  FIughes, 2.nd I s  b e i n g  m o n i t o r e d  t h r o u g h  - 

J?lssett-ncrr;lan C o r p c r a t i o n  - A t r a c k l n c  s t u d y  ( 5 )  t o  e v a l u a t e  
t h e  c a p ~ . b i l j . t i c s  o f  if. network of s y n c h r o n o u s  r e l a y s  t o  d e -  
t c r r n l n c  t h e  o r b l t n . 1  pa . r ,mc te r s  o f  a LOW a l t i t u d e  o r b i t l n g  
spacecraf t  r .XI m p l h c c  c e r t a i n  of  the  rnobt le  and f i x e d  s t a t i o n s  
of  t h c  iC~?I l .  Thin  s t u d y  i s  u n d e r  the d i r e c t i o n  o f  IIernan 
Z p s t c i n  of E.?.:;:;ctt -Eerrn;?.n, 2nd Is b e i n e  rnonZtored by Sam 
Forclycc of PIASA l!cndqua.rtcrs. A rev3.ei.r w i l l  take place at; 
EIsse t t -Tk imnn  on t h e  a f t f x n o o n  of March 3 l s t .  

IjaImo V i c t o r  r~o rpora . tLon  - A dcs1En ( 6 )  of  1:nprrjveil spcce-  
craft antenna:; t o  p c m l t  wider band w l d t h  sIC;na.ls, t o  be s e n t  
vla t h e  Ti!; ?{cl-~.y. 
o f  I > ? . h C J  ' J t c t o r ,  and be monj t o red  by J i m  Kcllcy o f  MSS. A 
rc-df.ev! ~ r l . 1 1  take p l a c e  at Dalmo V i c t o r  on April 3 r d .  

T h i s  s t u d y  w i l l  be d J r c s t e c l  b y  Don S t o d d s r d  
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